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effluent combustion gases arc treated for tne 
recovery of sulphur dioxide. Prior art methods 

30 of recovering sulphur dioxide from roaster 
and smelter gases are incidental to the 
recovery of metal values which is the primary 
objective of such methods, and originally, w^e 
designed to separate sulphur dioxide from me 

35 combustion gases so that the gases could be 
released to the atmosphere. However, due to 
progressively increasing demands for sulphur 
by industry and the depletion of cheap and 
readily available sources of elemental sulphur, 

40 mediods of treating mineral sulphides prmia- 
rily for the recoverv of sulphur values are 
being dosely invesngated. For example, a 
smelting method has been devised by m^ 
of which a gas containing up to about 75% 

45 sulphur dioxide is produced, fromi which sub- 
stantially pure sulphur dioxide can be 
recovered 0±er methods involve roasting 
pyritic and pyrrhotitic mineral sulphides pri- 



of ores for separating valuable constituents 
from gangue material and for selectively con- 
centrating a mineral or a group of minerals as 
a small fraaion of a larger body of starting 
material which contains values of economically go 
recoverable minerals. 

There are, however, ores which are^ not 
easily or dirccdy amenable to conventional 
flotation processes. Also, in the operation of a 
sdective flotation process, there usually is pro- 85 
duced a middling product which contains 
small percentages of desired minerals and 
from which metal values can be recovered only 
with great difficulty and at high cost. For 
example, in the selective flotation of lead- 90 
zinc ores a middling product is formed which 
contains values of both metals. Also, in the 
selective flotation of nickel-copper ores, a mid- 
dling product is obtained which contains 
values of both nickel and copper. Such 95 
middling products contain relanvely small 
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marily for the recovery of sulphur dioxide. 

Prior art mediods have the impoxtant dis- 50 
advantage that sulphur dioxide bearing gases 
recoverai from pyrometalliirgical operations, 
such as smelting and oxidizing roasting opera- 
tions^ usually contain dust particles which 
must be separated from the combustion gases. 55 
Alsoj the sulphur dioxide content usually is 
relatively low thereby necessitating the instal- 
lation and operation of costly- gas treating 
equipment iiso, of course, die sulphur con- 
tent of tiie starting material is recovered from 60 
these processes as sulphur dioxide and the pro- 
duction of elemental sulphur tiierefrom 
requires the use of methods and apparatus for 
reducing the sulphur dioxide to elemental sul- 
phur. 6S 

A primary object of this invention is to pro- 
vide a method for the treatment of pyirhotitic 
mineral sulphides for die recovery of elemen- 
tal sulphur. 

Processes for concentrating selected non-fer- 70 
rous mineral values from o3ier minerals with 
which they are associated in an ore also are 
well known and are widely used in the rnining 
industry. The flotation process is probably the 
most widely used mediod of wet concentration 75 
of ores for separating valuable constituents 
from gangue material and for selectively con- 
centrating a mineral or a gtoup of monexals as 
a small fraction erf a larger body of starting 
material which contains values of economically go 
recoverable minerals. 

There are, however, ores which are not 
easily or direcdy amenable to conventional 
flotation processes. Ako, .in the operation of a 
selective flotation process, there usually is pro- g5 
duced a middling product which contains 
smflU percentages of desired minerals and 
from whidi metal values can be recovered only 
with great difficulty and at high cost. For 
example, in the selective flotation of lead- 90 
zinc ores a middling product is formed which 
contains values of botii metals. Also, in the 
selective flotation of nickel-copper ores, a mid- 
dling product is obtained which contains 
values of both nickd and copper. Such 95 
middling products contain relauvdy small 



We, Chemical Construction Corpora- 
tion, a company incorporated under the laws 
of die State of Delaware, United Stat^ of 
America, of 488, Madison Avenue^ New York 
5 aty, State of New York, United States of 
America, do hereby declare the inventions far 
which we pray that a patent may be graated 
to us, and the mediod by which it is tobe par- 
formed, to be particularly described in and by 
10 the following statement:— 

This invention relates to a mediod of treat- 
ing pyrrhotitic mineral sulphides for the pro- 
duction of sulphur and for the extraction of 
such non-ferrous metal values as may be con- 
15 tained in the pyrrhotitic material. 

The potential economic value of sulphur 
contained in mineral sulphide ores and con- 
centrates has long been recognized and vznom 
methods for its recovery are well known and 
are in wide spread use. Existing mediods of 
recovering sulphur values from mineral sul- 
phide ores and concentrates heretofore usually 
have been associated widi the treatment of 
metal-bearing sulfide ores and concentrates m 
the concentration of and primarily for the 
extraction of metal values, such as in oxidizmg 
roasting and smelting operations wherem 
effluent combustion gases are treated for the 
recovery of sulphur dioxide. Prior art methods 
30 of recovering sulphur dioxide from roaster 
and smelter gases are inadental to the 
recovery of metal values which, is die primary 
objective of such mediods, and oririnally, ware, 
designed to separate sulphur dioxide fr^o^^e 
35 combustion gases so diat die gases could be 
released to die atmosphere. However, due to 
progressively increasing demands for sulphur 
by mdustry and die depletion of cheap and 
ridily available sources of elemental sulphur, 
40 mediods of treating mineral sulphides prima- 
rily for die recovery of sulphur values are 
being closely investigated. For example, a 
smdfing method has been devised by m^ 
of which a gas containing up to about 75 /o 
45 sulphur dioxide is produced, fromiwhidi sub- 
stantially pure sulphur dioxide can be 
recover«L Odier mediods involve roastu^ 
pyritic and pyrrhotitic mineral sulphides pn- 
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amoants of metal values but represent a 
serious loss of metal values if discarded and 
high capital and operating costs if treated for 
the recovety of the metal values. 
5 A further inroortant object of this inven- 
tion is to provide a method for the treatment 
of pytrhotitic mineral sulphides which contain 
non-ferrous mineral values for the recovery of 
elemental sulphm* and non-ferrous mineral 
10 values. 

It has been found that^ by the process 
according to this invention^ elemental sulphur 
can be produced from pyrrhotitic mineral sul- 
phide or^ and concentrates. 

IS It.is found further that this process of pro- 
ducing elemental sulphur is also ideally 
adapted for treating pytrhotitic material whidi 
is associated with non-ferrous metal values for 
the production of elemental sulphur and for 

20 the extraction and separation therefrom of 
non-fertous metal values. 

The term "pyrrhotitic mineral sulphides" is 
intended to mean any mineral sulphides which 
contain no labile sulphur or from, which die 

25 labile slphur has been removed Thus the 
sulphur content may be present in pyrrhotite, 
sn iron sulphide having the general formula 
FeS. 

Pyritic material^ such as pyrice, FeS^, can 

30 be converted into jyyrrhotitic material by heat- 
ing in an atosphere free of osygen or contain- 
ing less than half the stoichiometric amount 
of <Bjygen necessary to convert all sulphide 
sulphur to sulphur dioxide. This product has 

35 the characteristics of pyirhodte insofar as the 
sulphur content is concerned and as such is a 
pyrrhotitic material within the terms of this 
disclosure and is ideally adapted for treatinent 
by the present method Other ores or concen- 

40 ttates which contain minerals such as^ but not 
limited to, chalcodte^ enargite, tetrahedrite, 
tennantite, arsenopyrite, pentiandite, cobaltite^ 
marcasite, bomite. famatinite, stannite, miller- 
ite, chalcopyrite, and sphalerite can be treated 

45 according to die process of this invention^ or, 
if necessary, first treated in a maimer similar 
to that described above with respect to pyrite. 

A primary object of this invention is to treat 
pyrrhotitic mineral sulphides for the pioduc- 

50 tion of elemental sulphur. The pyrrhotitic 
mineral sulphides, therefor^ may be barren of 
economically recoverable nonrferious metal 

. values. . 

The method of producing elemental sul- 
55 phur from pyrrhotitic mineral sulphides of the 
present invention comprises, in general, the 
steps of reacting pyrrhotitic mineral sulphide 
• particles dispersed in an aqueous acidified sul- 
phate solution (as hereinafter -defined) or in 
60 water containing a small amount of sulphuric 
add at a temperature within the range of from 
100** F. to 290° F. widi a free oxygen bearing 
gas under a partial pressure of free oxygen 
above 25 pounds per square inch, containing 
65 the reaction to oxidize sulphide sulphur con- 



tained in tile pyrrhotitic material to elemental 
sulphur, agglomerating the elemental sulphur 
to liquid sdphur globules, cooling die Hquid 
sulphur globules below the cadting tempera- 
ture of sulphur to form demental sulphur 70 
pellets, and recovering demental sulphur pd- 
lets from the reaction mixture. 

The pyrrhotitic mineral sulphides may be 
assodated with non-ferrous mineral sulphides 
which add to the potential eomomic value of 75 
the starting material. Sudh non-ferrous , metal 
values assodated with -pyrrhotitic material in- 
clude, for example, values of metals such as 
copper, zim^ .gdd, silver, cobalt, nidcd and 
cadmiuta^ gO 

Pyrrhotitic mineral sulphide material to be 
treated by the method of this invention is 
findy pulverized. When- mixed widi an 
aqueous addified sulphate solution to form a 
duny, a rdativdy unifonn dispersion of par- 85 
tides is obtained to expose maximum surface 
area of the partides to tiie free oxygen-bearing 
gas and the. aqueous addified sulphate solu- 
tion. While the size of the partides may vary 
widely, it has been found that die reaction rate 90 
and the extraction of sulphur and non-ferrous 
metal values, if present in the starting material, 
are best when die starting material is from 35 
to 325 mesh Standard Tyler Screen. Pyrrhoti- 
tic minetal suljAides recdved from prdimia- 95 
ary concentrating processes such as fromflote- 
tion cells, may be of from 100 to 325 mesh 
and can be passed direcdy into the metiiod 
of this invention. Material which otherwise has 
not been reduced in size can be pulverized to 100 
35 mesh or finer. 

Sulphuric add is formed autogenoudy as 
the oxidation reaction proceeds, the pK value 
of tile solution remaining relativdy constant 
,at about pH 2. The metiiod can be conducted 105 
as a batch operation, pyrrhotitic mineral sul- 
phides bdng disp^cd in an aqueous addic 
sulphate solution from a previous oxidation 
treatment of pyrrohitite mineral sulphide 
which has been addified with sulphuric add, 110 
referred to herein as an "aqueous addified 
sulphate solution", or in water to which a 
small amount of sulphuric add has been added: 
Alternarivdy, minerd sulphides and water can 
be charged, continuously or intennittendy, U5 
mto the reaction vessd vdiich contains a durry 
of mineral sulphides and aqueous addified siX 
phate solution undfetgoing treatment. Undis- 
solved residue, aqueous acidic sulphate solu- 
tion, demental sulhpur andj if present, non- 120 
ferrous minerd sulphides can be discharged 
contmuously or intermlttendy from the reac- 
tion vessd. 

TheoxidatioQof sulphide sulphur contained 
on the pyrrhotitic mq|terid usuaUy provides 125 
the heaf necessary for die reaction. If tiiis heat 
IS not suffident, supplemc»tal heat can be pro- 
vided by any suitable means. If the autogen- 
,ous heat of the reacti<»i tends to raise die 
temperature beyond die desired Jimats, the 130 
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temperature can be contralied by conventional 
means, such as cooling coils. 

The pulp densityj or the ratio by weight of 
solids to aqueous acidijBied sulphate solution, 
5 influoices the rate of oxidation of the sulphide 
sulphijr to elemental sulphur. The velocity of 
the reaction is reduced as the pulp density is 
increased, the maximum pulp density being 
that at which the solids can be maintained as 
j^O a rdativeiy uniform dispersion in the solution. 
The "wnimiim density is governed by opera- 
ting economics to obtain a maximum yidd of 
sulphiir within a reasonable time. Thus, the 
pulp density can vary within reasonably broad 
15 limits. A very satirfactoiy range is from 35 % 
to 45% solids. This range of densities pro- 
' vides for a rapM rate of onddation and of rela- 
tively rapid dissolution of non-f errows metal 
values contained in the starti2)g material* 
20 In the present invention, the oxidation reac- 
tion is conducted at temperatures of from 
100* F. to 290' F. The best results appear 
to be obtained withm a relatively narrow temr 
perature range of fromi slightiy below to slightiy 
25 above tiie mdting temperature of sulphur. 
That is, from 200^ F. to 290" F. Within this 
range, oxidation of sulphide sulphur proceeds 
r^Mly witii a hig^i yidd of elemental sulphur, 
when the oxidation step is conducted at a 
30 temperature slightly below the melting point 
of sulphur, the sulphur formed is in a finely 
divided condition and is difificdt to recover 
as such. Accordingly, the temperature is 
raised to a temperature above the melting temr 
35 perature to agglomerate the elemental sulphur 
to liquid droplets. These liquid droplets are 
then solidified into pellets or pebbles by reduc- 
ing the temperature below the melting tem- 
perature of sulphur. Cooling can be Sected 
. 40 by any suitable means but preferably is accom- 
plished by dilution with cool solution. Altern- 
atively, the oxidation can be conducted at a 
temperature slightly above the melting point 
of the suli^ur and the liquid droplets or sul- 
45 phur so formed solidified by reducing die tem- 
perature bekw the melting point of sulphur. 
In either case, the temperature must be 
reduced below the melting point of sulphur 
before separation of solids from the liquid to 
50 solidify the sulphur pellets and thus facilitate 
handling at atmospheric pressure. 

The total pressure at which the reaction is 
conducted is the pressure autogenously gener- 
ated by the temperature plus the partial pres- 
55 sure of the free oxygen-bearing gas. The free 
oxygen-bearing gas can be oxygen, oxygen 
enriched air or air without oxygen enrich- 
ment. The most satisfactory results as regards 
velocity, extraction and the capital and opera- 
60 ting costs of the apparatus employed are pre- 
ferably obtained with a partial pressure of 
oxygen in die free oxygen-bearing gas of from 
above 25 pounds per square inch to 100 pounds 
per square inch. . ftessures higher thin 100 

2FeS+4iOa+HaSO^-r- 



pounds per square inch can be employed but 65 
also are not economic because of inherent 
pumping diflaculues and the necessary use of 
heavier, more costly pressure vessels. Higher 
pressures may be desired, however, when non- 
ferrous metals are present in the starting 70 
material. 

During oxidation, the slurry should be 
agitated to ensure a uniform dispersion neces- 
sary for TTijiYimum reaction with the free 
oxygen-bearing gas. Agitation also can be 75 
continued after oxidation to aid in coalescing 
elemental sulphur into droplets or pellets. The 
size of the liquid sulphur pellet is influenced 
by the extent and mtensity of agitation as 
well as temperature. In general, the greatex the SO 
intensity and extent of agitation and the higher 
the temperature up to 290'' F., die larger are 
the liquid droplets of sulphur. During cool- 
ing agitation should be stopped to avoid break- 
ing me sulphm" pdlets. 85 

Elemental sulphur formed in tie oxidation 
reaction is found in the undissolved residue 
from which it can be separated screening 
or by other means. For example a mixture 
of solids in aqueous acidic sulphate solution 90 
withdrawn from the reaction vessel can be 
passed over a screen having openings of a size 
si:fficient to retain the sulphur pellets while 
passing the solution and the undissolved resi- 
due. Alternatively, the mixture from the reao- 93 
tion vessel can be de-watered by suitable 
means, re^pulped in water, and the sulphur 
separated. 

The method of the present invention is, of 
course, based on results obtained over a long 100 
period of research and investigations and is 
independent <rf hypothetical considerations. It 
is possible that tihe production of elemental 
sulphur and ferric oxide is the result of a reac- 
tion such as that expressed by the following 105 
equation: — 

2FeS+liOo^ ^'FfeiaOa + S, .... 1. 

A part of the sulphur formed in this reaction 
is converted to' siilphuric acid according to the 
following reaction : — 110 
S-hliOs+H^O >-U,SO^ la. 

It is believed ±at the oxygen present in the 
gas ^se diffuses through the gas — ^liquid 
mterfaoe into the liquid and in tiie liquid 
phase to the surfaces of the pulverulent 115 
pyrrhotitic material. Also, it is possible that 
sulphide ions diffuse in the solid pyrrhotitic 
particles to the surfaces, where they are oxi- 
dized to demental sulphur. Simultaneously, 
oxygen present on the suifoce may {>artially 120 
diffuse into the solid particles to oxidize fer- 
rous iron to the ferric state. 

During the course of the overall reaction 1, 
it is observed that small amounts of iron and 
sulphur are fouod in t!ie solution as ferric sul- 125 
phate. It is believed that this is caused by a 
side reaction as expressed in die followmg 
equation: — 

^Fej(SOJa+HaO . . . . 2. 
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This reacdon is of a heterogenous nature in 
which gasi, liquid and soHd phase are involved. 

The following examples illustrate the opera- 
tion of the process in die treatment of pyrrho- 
titic mineral sulphides primarily for the pro- 
duction of elemental sulfur. Tliese examples 
are illustrative only and are not intended to 
limit the scope of the inv^tton. 

The material treated in Examples 1 to 7 was 



a pyrrhotitc; .On each example, the mixture 10 
of pulverulent pyriiiotitic mineral sulphides 
and aqueous sulphuric add solution wa5 agi- 
tated to maintain a relatively uniform suspen- 
sion of pardcles and a maximum diffusion of 
free oxygen-bearing eas. The size of particles I? 
was about 100% nunus 200 mesh Standard 
Tyler Screea 



Table I 



20 



25 



Time 
- (Hours) 



Temp. 



1 
2 
3 
4 
5 
6 
7 



- i 
1 
2 
2 
2 
2 
2 



250 
250 
250 
250 
230 
250 
280 



OaPart • 
Pr^ 
(psi) 


Pulp 
Density 
%. Solids 


Sulphur 
Yield 
(%) 


100 


43—46 


67.5 


100 


43—46 . 


88 • 


100 


38 


82 


100 


43—46 


84 


100 


46 


82.9 


100 


35 


85.1 


50 


43—44 


79.9 



Table I illustrates that pyirhotite dispersed 
30 in aqueous sulphuric acid solution to form a 
slurry comprised of 35% to 45% solids and 
heated for one to two hours at ISO"" R to 
250° F. and an oxygen partial pressure of 
about 100 pounds per square inch results in 
35 yields of elemental sulphur up to about 88 % of 
the theoretical maximum yidd. This sulphur 
was received in ther formi of pellets, or pebbles 



of 97% to 99% pure elemental sulphur. 

The procedure of Examples 1 to 7 was 
repeated using a pyrrhotitic material having 40 
an analysis of 12.1% nickel, 1.45% copper and 
28.2% sulphur. 

The .effect of adding sulphuric acid when 
using a pyrrhotitic starting material containing 
non-ferrous n^tals is sliown by Example 8. 45 



Table II 



Bcample Time Temp. H3SO4 
(Hours) C F.) Add^ 



OaPart. 
Press, 
(psi) 



Sulphur 
Yield 
(%) • 



50 



8 



230 



Yes 



185 



73% 



Table n illustrates that addition of sulphuric 
acid increases the yield of siilphur in the low 
temperature oxidation treatment of the pre- 
sent method when treating pyrrhotitic material 

55 contaming non-ferrous metaJs. 

The method of the present invention also 
is ideally adapted for the treatment of pyrrho- 
titic mineral sulphides which contain non- 
ferrous metal values, and is particularly adap- 

'60 ted for the treatment of pyrrhotitic mineral 
sulphides which are not readily amebic to 
concentration of the metal values by conven- 
tional concentrating processeSj such as by 
flotation. That is, the p3nThotitic material may 

65 be such that mineral partides are not exposed 
for attachment to the air bubbles in the flota- 
tion reaction or the desired minerals may. be 
so finely disseminated tliroughout the ore that 
very fine grinding is necessary to release them 

70 with the result that the minerals form a slime 
rather than a pulp mixture amenable to flota- 
tion. Alternatively, the pyrrhotitic material 
may be a low grade middlu^ product derived. 



from a previous flotation process and wliich 
contain imnerals to the extent tiiat a serious 75 
raetal loss would result if they are discarded 
and yet whidi involve high capital and opera- 
ting costs to extract axA recover die metal 
values. 

Regardless of the source of the _ sulphidic 80 
material, it has been found .that it can be 
treated by the method of. the present inven- 
tion to produce a non-ferrous metal bearing 
product which is readily amenable to concen- 
tration by £k>tation. ■ 

In the treatment of pyrrhotitic siineral sul- 
phides whidi contain hon-fecrous metal values 
according to the method of the present inven- 
tion and described in detail hereinbefore, 
pjoxhotitic rnaterial is first attacked by the 90 
Oxidation treatment and elemental sulphur is 
formed A portion of the non-ferrous mineral 
sulphides may be attacked under the sjangly-- — 
oxidizing conditions and enter tii^sblSfion as 
soluble metal sulphates. HoweirS:, at a tern- 95 
.perature above the melthg" temperature of sul- 
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j^ur, the elemental sulphur tends to " wet " 
or enclose nonrferrous nuneral sulphide par- 
tides as in a film, and thus protect them £rom 
further attack under the oxidizing conditions, 

5 Hie resulting slurry is in ideal condiuon for 
treatment by a conventional flotation process 
for canceotration of non-ferrous mineral sul- 
phides and elemental sulphur, cither iirith or 
without prior separation of the solution of sul- 

10 phates &om the soHds. 

Oxidation of sulphide sulphur of the 
pyrrhotitic material to elanental sulphur pro- 
ceeds more rapidly than the oxidation of sul- 
phide sulphur of the non-ferrous nuneral sul- 

15 phides. Thusj the time of retention and the 
oxygen partial pressure are determined with a 
view to obtaining the maximum oxidation of 
the sulphide sulphur in the pyrrhotitic 
material to elemental sulphur and separation 

20 of non-ferrous mineral sulphides from the 
pynhotitic material. 

The temperature at which the oxidation step 
is conduaed, the time of retention and the 
partial pressure of oxygen are controlled to 

25 obtain maximum oxidation of sulphide sul0iur 
of the pyrrhotitic material to demental sul- 
phur having regard to die form in which it is 
desired to recover the non-ferrous metal 
valves. That i&y die method can be conducted 

30 to obtain a m?x^'"^^^"^ or minimum dissolution 
of non-ferrous metal values in the solution. 

If it is desired to recover the major portion 
of die non-ferrous mineral suli^des occluded 
or enclosed in globules of elemental suljAiur 

35 with m^'^i"T3^"T> cSssolution of non-ferrous metal 
valves in the aqueous acidified sulphate solu- 
tion, the time of retention is controlled to 
obtain jr^'^mim osidation of pyrriiotitic 
material and rr^inimiim oxidation of non-ferrous 

40 mineral sulphides. For examplCj at a tem- 
perature of about 250° R and at a partial pres- 
sure of oxygen erf 100 pounds per square inch 
very satisfactory results are obtainai with a 
time (rf i^ention of from 10 to 30 minutes. 

45 It is foundj also*, that the treatment can be 
conducted with advantage at a temperature 
either below or above the melting temperature 
of sulphur. That is, from 230' F. to 250' 
F. If the treatment is conducted at a tem- 

50 perature below the melting ten]5)erature of sul- 
phur, it is necessary to heat the slurry at the 
end of the ooddation period to a ten^)erature 
above the melting temperature of sulphur with 
active agitation, thus to melt the sulphiur and 

55 agglomerate the particles into globiies, after 
which the temperature is reduced to solidify the 
sulphur globules. Alternatively, the method can 
be c(Miducted at a temperature above ±e melt- 
ing temperature of sulphiffj during which the 

60 elemental sulphur is agglomerated into globules 
as it is fomwd and at the end of the oxida- 
tion period the ten^)erature is reduced to 
solidify the sulphur globules into pellets. Oxi- 
dation at a temperature above the melting tem- 

65 perature of sulphur^ for example, from 250"* 



F, to 290' F. favours the occlusion of non- 
ferrous mineral suljdiides in the sulphur pel- 
lets. Oxidation at a temperature below the 
melting tempCTature of sulphur favotirs the 
oxidation of nonr-ferrous mineral sulphides to 70 
sulphates. The rate of agitation should be 
reduced or stopped during cooling of the sluny 
to avoid breaking the sulphur pellets. 

Elemental sulphur, the major portion of the 
iron values and sulphur-wetted mineral sul- 75 
phides are found in the solid residue. Depend- 
ing on the conditions under which the naethod 
is operated^ some Monnferrous metal values 
and some of the iron may be extracted from 
the starting material and dissolved in the go 
aqueous acidified solution. The soHds can be 
sq)aiated from the solution^ such as by filtra- 
tion. Elemental sulphur globules of greater 
than predetermined size, cap, if desired, be 
separated from die solid residue such as by 
screenings leaving a residue comprised mainly 
of iron oxide with lesser amounts of non- 
f enous mineral sulphides'induded in the under- 
sized elemental sulphur partides. This residue 
is in ideal condition for concentrating the non- 90 
ferrous noineral sulphides in a smaul fraction 
of the original material. 

A suitable n:iethod of collecting the sulphur 
and ocduded non-ferrous mineral sulphides 
is a conventionai oil-tm fiotation in acid dr- 95 
cuiti pBl to pH3.5, usang 2.5 to 4 pounds of 
stove di, kerosene, or fuel oiU with about 0.2 
to 0.3 pounds of fcother per ton of solids, dry 
wei^t. A furdier suitable flotation process is 
a conventional " sulphide " flotation process 100 
at about atmospheric temperature using a sul- 
phide collector such as a xanthate at psJ to 
pH8.5, lime or soda a^ being employed to 
neutralize the pulp^ with a smsdl amoum of 
frother. 105 

As the mixture recovered firom the oxidation 
treatment may luive a pH value of about pH2, 
the oil-type flotation process is preferred in 
that it is not neoessaiy to neutralize the pulp 
mixture prior to flotation. 110 

The fdlowing examples illustrate the opera- 
tion of the mocQficaticm of the rn^od of the 
present invention m the treatment of pyrrho- 
titic mineral shlphides which contain non- 
ferrous metal values: — 115 

Further Examples 
9. A pyrrhotitic middling material derived 
from the sdective flotation of a nickd-copper 
bulk concentrate contaioed^ after grinding and 
washing: — 120 
Iron— 46.3 % Nickd-^81 % 

Sulphur (Total) 30.5 % Sulphur demen- 
tal) 9.6% 

Sulphur (Sulphate) 1.0% . 
This material was slurried with dilute sulphuric 125 
add solution, about 41 % so]ids> and heated to 
a temperature of about 230"* F. for a period 
of time varying from 0.5 to 2 horns with an 
osygen partial pressure of about ICX) pounds 
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per square inch. The t^pcratufe of the' slurry 
was then raised to about 300* "F. hi die absence 
of oxygen for a period' of about 15 ininutes' to 
agglomerate the sulphur into- globules then 
5 cooled to below die "melting temperature of 
sulphur to solidify theliquid sulphur globules 
- into pebbles or pellets, The-foUowing results 
were obtained:— - • 



10 



• . % Srecovered^ % Ni ' 
as elemental S recovered 
Time pebbles "Residue in solution 



0.5 hrs. 
1.0 hrs. 
2' hrs. 



60.4% 
72.6% 
81.4% 



6.7% • 
7.0% - 
■4.4% • 



362% 
63:0% 
M0% 



J5 10. A pyrrhotitic material smailar to 1 above 
. was slurried with dilute sulphuric 'add 'solu- 
tion, pulp density about 46% ' soUds, -and 
reacted for two hours with an oxyg^" partial 
pressure of about 100 pounds per square irich 

20 with die foUowing results*:— "~ 



%S as elemental - - . - - ■ - 

sulphur pebbles * ' "Ni in' 
Temlp. + 48 mesh Residue ■ solution 



25 



23r F. 
250^* R 
280" F. 



72.8% - 
73.3%- - 
407% ■ 



10.1%^ 69.5-% 

8.7% 78.3%- 
■-«;2% 21.8%^ 



11. Similar results are' obtained in conduct- 
ing the oxidation at a temperature dightiy 
above the melting temperature of sul^iur.- The 

30 material treated was a^low gr^de niiddling 
product obtained frofflf-'a selective' flotation 
process -in whidi a higji grade'ni^el sulphide 
concenttate was separated-from a bulk cinan- 
centrate containing both {copper as^ xddsk 

35 values. The middling product contamed about 
43*7% irwi; about 1.73% nickel and about 
28.5% sulphur. ■ Thfe; material .was ground 
■ for about one-half hour in" a- rod miil, durried 
with dilute sulphuric acid solution^ about 41 % 

40 solids^ and reacted at a temperature' of about 
250** F. under a partial pressure of oxygen of 
above 25 pounds per square inch. " " * " " 

It will be noted that under the desofibed 
conditions of opcration'maximum non-ferrous 

45 metal extraction and dksolution in the aqueous 
sdutloQ 5s obtained at-firom 7 to 11 hours 
reaction time^ whereas maximum recovery of 
such metal values as minexdl sulphides m col- 
lectable form as such is obtained at from 1 to 

50 3 hours, with the maximum total m<etal values 
and sulphur recovery bdng obtained in about 
3 hours reaction- time. The dissolution of non- 
ferrous noetal values can be reduced by con- * 
ducting the method. at higher temperatures^ of 

55 from 280' F. to 290" F., but die yield of 
demental sulphur is reduced. The operating 
conditions are therefore determined with 
regard to the maximum extraction of non- 
ferrous minerat suiphules \;f4iether dissolved 



in the aqueous solution or as sulphides and 60 
occluded! in demental sulphur partides and to 
the yield of demental sulphur. 

Following die separation of demental sd- 
phur from die flotation xonoentratea a final 
concentrate was obtained which contained from <5 
8% to 10% mdcd, di^eby ejecting about a 
6 to 1 ooncentration of non-ferrous metal 
values contained in material which- otiierwise. 
was not amenable to treatment by a conven- 
tional flotation process. 70 

The conditions under which the mediod -is 
conducted are, of course^ a mattex of opera- 
ting economicsj, having regarcT to the facilities 
available for treating the products of the- 
method. For example, if the plant- in which 25 
the mediod is opiated has fadlities for 
reoovecmg metals from solutions^ the method 
can be' operated to obtain maximum yidd ol 
elementd sulphur and maximum conversion of 
non-ferrous metal values to and their dissolu- 80 
tion in the leach solution as metal sulphates. 
It will be noted m this respect that in opera- . 
ting the modiod under the conditions pre- 
scribed above!, &.8% of the nickd values con- - 
taabed in the staiii:^ material entered the 85 
solution within the.first hour and this ^trac- 
tion and dissolution increased to about 68.5% 
of the nidcd as the time of retention was 
extended to deven hours, and die grade of the 
conc^trate was reduced accordingly. 90 

However, if the plant in which the method ^ 
is operated ladcs facilities for recovering dis- 
solved nonrferrous metal values from solutions, . - 
the mediod can be operated to obtain a maxi-- - ^ 
mum wetting of non-ferrous mineral sulphides 95 
. by demental sidphur with a mmiTni imi con- 
version of non-ferrous mfetal values to and 
tiieir dissolution as soluble sulphates m the 
-aqujsoiis add sulphate solution. It is found • ' 
that this objective can be obtamed by conduct- 100 
ing the method at temperatures above the melt- 
ing temperature of sulphur, fca- example, from 
250* F. to 290° F., and by reducing the time 
of retention to from 11 hours to 3 houjs.~ 
Under diese conditions, it is foimd that about 105 
25% of the nickd contained in the starting 
material is converted to and dissolved in the 
leach. solution as a soluble sulphate and more . 
than 65% of the^ckd is cofiected as nickd - 
sulphide by demental sulphur and is readily no 
amenable to concentration by a conventicmal 
flotation process such as described hereinabove. 

As a funher modification of the metiiod, - 
demental sulphur can be added at the starf - 
of an operation to coat non-ferrous mineral 115 
sulphidfes and dius protect them against attack 
under the oxidising conditioiK. A portion of 
the demental sulphur produced in each opera- - 
tion can be returned and mixed^widx-tiie feed " 
to the reaction zone to supply^the demental 120 
sulphur for this modificatw>n of the mediod. 

Non-jPerrous_. meSi^l sulphates difesolved in 
die aqueous 'solution can be recovered, such 
as by treating difc solution at devated tent- 
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perature and pressure with a redmcing gas 
such as carboa monoxide or hydrogeiL Alter- 
natively^ if the plant in which the method is 
operated does not have facilities for recovering 

5 product metal from such solutions, non-fearous 
metal values can be precipitated as sulphides^ 
such as by one or other of the foUowing 
methods, and added to the non-ferrous mineral 
sulphide concentrate for ^pment to a metals 
' 10 recovery plant. For example, the aqueous 
solution can be neutralized, such as by cal- 
cium oxidej and then treatai with a sulphide 
sulphur compound such as hydrogen sulphide 
or calcium sulphide to precipitate the non- 
15 ferrous metal values as sulphides. 

Altemativelyj non-ferrous metal values dis- 
solved in the solution can be precipitated as 
sulphides by the addition of iron sulphide at 
elevated temperaturej for exaniple, from 300* 

20 F. to 400° F., according to the equation:— 

MeS04-l-FeS ^MeS+FeSO^, in which 

" Me " is a nonhfesrrous metal. 

The aqueous solution from the low tempera- 
ture add oxidation treatment can be treated 

25 for the precipitation and recovery of dissolved 
non-ferrous metal values and thereafter dis- 
carded or it can be re-cycled to tiie oxidation 
5tage for re-use. Alternatively, a portion of 
the solution from the oxidation stage can be 

30 withdrawn from the re-cycled solution and 
treated such as described above or by crystal- 
lization of metal sulphates from the precipi- 
tation and recovery of non-ferrous metal 
values. This latter modification has the advan- 

35 tage that ±e solution can be maintained very 
easily and witiiin predetermined non-ferrous 
metal values and the me&od conducted on a 
continuous basis. 
The method of the present invention pos- 

40 sesses a number of important advantages. Pri- 
marily, the method is directed to the treatment 
of pyrrhotitic sulphides for the production of 
demental sulphur. However, die mediod pos- 
sesses the iniportant advantage in that it is 

45 ideally adapted for the treatment of pyrrhoti- 
tic mmeral sulphides which is associated with 
non-ferrous mineral sulphides, including pre- 
cious and noble metal values. The oxidation 
step is conduaed imder rdatively low tern- 

50 perature and pressure conditions which per- 
mit the use of readily available conventional 
equipment. The reaction proceeds rapidly and 
and is controlled readily to obtain maximum 
production of demental sulphur of high 

55 purity. If non-ferrous metal values are pre- 
sent in the starting material, the oxidation step 
can be controlled to obtain either m a x i mum 
dissolution of non-ferrous metal values in the 
aqueoqjs solution or maximum occlusion of 

60 non-fenous metal values in demental sulphur 
partides with concurrent production of ele- 
mental sulphur. The metfiod possesses the 
further important advantage in that it is ideally 
adapted for the treatment of pyrrhotitic 

tS matoial which contains non-fecrous metal 



values wfaidi normally are not readily amen- 
able to conventional concentration processes to 
prepare sudi metal values in a form in whidi 
they can be recovered inejcpcnsivdy Ixy con- 
ventional processes. 70 
What we daim is: — 

1. The method of producmg demental sul- 
phur from pyirhotitic mineral sulphides which 
comprises ±e steps of reacting pyrrhotitic 
mineral sulj)Hdes paiiidcp dispersed in an 75 
aqueous addified sulphate solution (as herein-" 
before defined) or in water containing a scasil 
amount of sul^iuric acui at a tcnaperature 
within the range <rf from 100' F. to 290' F. 
with a free oxygen bearing gas under a partial 80 
pressure of ftee oxygen above 25 pounds per 
square inch^ continuing the reaction to ooddise 
sulphide sdphur contained in the pyrrhotiric 
material to demental sulphur, agglomerating 
the demental sulphur to liquid sulphur gJ6- 85 
bules, cooling the liquid sulphur globules to 
bdow the melting temperature of sulphur to 
form demental siSphur pellets, and recovering 
demental sulphur pellets from tiie reactk>n 
mixture. . . 

2. The metfiod of treating pyrrhotttic 
mineral sulphides according to Claim 1 in 
which the* mineral sulphides are assodated 
wSth noDrferrous mietal values diaracterised 

in that the oxidation reaction treatment is 95 
continued for a time period suffid«it to 
ocdude non-ferrous mineral sulphides in the 
demental sulphur pdlets and elemental sul- 
phur and non-ferrous mineral sulphides are 
separatdy recovered from the recovered de- 100 
mental sulphur pdlets. 

3. The method of treating pyrrfiotitic 
mineral sulphides according to Qaina 1 or 
Claim 2 characterised in Aat the oxidation 
reaction is conducted as a temperature below JC5 
the melting temperature of sulphur, tfie reac- 
tion mixture is heated after the oxidation reac- 
tion to a temperature above the mdting tem^ 
perature of sulphur to agglomerate the sul- 
phur to liquid globules. 110 

4. The method of treating pyrrhotitic 
mineral sulphides according to Claim 1 or 
Claim 2 charaaerised in that the oxidation 
reaction is conducted at a* temperature above 
the mdting temperature of sulphur and is con- J15 
tinued until the demental sulphur is agglo- 
merated as liquid globules. 

5. The method of treating pyrrhotiric 
mineral sulphides according to any of the pre- 
ceding daims characterised in that the size of 120 
the particles dispersed in the aqueous solution 

or addified water is within tfie range of from 
35 to 325 mesh Standard Tyler screen^ 

6. The method of treating pyrrhotitic 
mineral sulphides according to any of the pre- .123. 
ceding daims charaaerised in that the dis- 
persion mixture in the oxidation reaction con- 
tains from 35% to 45%, by weight, solids. 

7. The method of tceatiog pyrrhotitic 
mineral sidi^des according to any of the pre- 130 
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ceding claims diaraaerised in tJiat the oxida- 
tion reaction is conduaed at a temperature 
within the nmge of fnwn 200° R to 290^ F. 
8. The method of treating pyrrhbtitic 
5 mineral sulphides according to any of the pre- 
ceding daims characterised in that the oxida- 
tion reaction is conducted imder a partial pres- 
sure of free oxygen within the range of from 
above 25 to 100 pounds per square insiL 



9. The method of treating pyrrhotitic 10 
mineral sulphides substantially as described 
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